The aim of this study is to evaluate the bond strength of AH Plus sealer after irrigation of the root canals using of Nano-Silver and Sodium hypochlorite. Sixty, freshly extracted, sound maxillary anterior teeth with completely formed apices and straight roots were used in this study. Each tooth was decoronated to provide approximately 16 mm± 1 of root, root canals with initial apical file size #20 were selected to approximately standardize the canal diameter. The samples were divided into two groups 30 root each according to the irrigation protocol used through instrumentation: Group A: root canal preparation was performed using the Protaper Next system during instrumentation the root canals were irrigated using Nano-Silver irrigant 0.02mol/L = 2000ppm. Group B: root canal preparation was also performed using the Protaper Next system but during instrumentation the root canals were irrigated using Sodium Hypochlorite (NaOCl) irrigant 5.25%.
INTRODUCTION
Pulp and periapical diseases are caused mainly by microorganisms. Hence, the main objective of root canal treatment is to eliminate microorganisms, microbial byproducts and necrotic tissues from the root canal system. [1] Root canal system is anatomically complex, with areas that cannot be reached with instruments. Consequently, the goal of canals cleaning is accomplished by chemical and mechanical means (chemico-mechanically) which include a combination of instrumentation and physicochemical action of endodontic irrigants. [2, 3] The rate of success of the treatment is still a problem despite the advances used in endodontic treatment. Colonization of bacteria in biofilm, smear layer formation during instrumentation, anatomical complexity and the microorganisms remained in dentinal tubules are the main causes of reinfection and failure of endodontic treatment. [4] Several antimicrobial irrigating solutions are used in endodontic treatment. Sodium hypochorite (NaOCl), chlorhexidine gluconate (CHX), ethylenediaminetetacetic acid (EDTA), mixture of Tetracycline isomer acid and detergent (MTAD) and ozonated water are types of irrigants used as antimicrobial solutions. Topbas et al. in 2017 described the effect of each irrigant on the success of the endodontic treatment and the recommended method for each irrigant. They concluded that, the future researches should concentrate on producing a single irrigating solution that has tissue-solubilizing properties, biocompatible, remove the smear layer and has antibacterial effect. [2] The irrigation has an important role in lubrication, dissolution of remaining pulp tissue, mechanical washing, and most importantly is killing the microbes. [5] Although various irrigants are available, none of them fulfill all of the ideal properties of endodontic irrigant. [6] Sodium hypochorite (NaOCl) is the most commonly used root canal irrigant because of its antibacterial effect and its ability to dissolve the organic debris and remaining pulp tissues. Its shortcomings include, unpleasant taste, inability to completely remove the smear layer, toxicity, the deterioration of flexural strength and bond strength between resin and dentin. [6, 7, 8] Nanomaterials are defined as particles with external dimensions of 1-100 nm, which gives them a large surface area that increase their chemical reactivity. [9, 10] The nanoparticles surface area and charge density interacts with the negatively charged bacterial cells, enhancing their antimicrobial activity. [11, 12] Monzavi et al. 2015 found that nano-MgO aqueous solutions show promising antimicrobial activity. [13] Silver nanoparticles have several applications in dental field as they can be incorporated in restorative materials, bonding chemicals for carried reduction and prevents biofilm formation in implant materials. [14, 15] Javidi et al. 2014 evaluated the bactericidal effect of Ca(OH) 2 with and without silver nanoparticles on Enterococcus faecalis. They found that the number of CFUs observed with the addition of silver nanoparticles suspension was significantly less than the number with Ca(OH) 2 alone. [16] Silver nanoparticles are capable of attaching to and penetrating into the cell walls of both gram +ve and gram -ve bacteria, releasing silver ions which disturb the cell function. Thus, they are used for the prevention and treatment of drug-resistant microorganisms and inhibition of the formation of biofilm. [17] Root canal obturation is an important step for success in endodontics as it provides apical and coronal seal. The most commonly used root filling material is gutta-percha with sealer.
Sealers should bond to dentin to minimize leakage and improve stability of root canal filling material. Based on studies adhesion of sealers are affected by their chemical and physical characteristics, irrigation protocol and smear layer removal. [18, 19] AH Plus is a resin-based sealer which has acceptable physical properties and biocompatible. Previous studies have reported the positive effects of triple antibiotic paste, removing the smear layer, activating irrigation solution with ultrasonic, applying Er:YAG laser on the bond strength of this sealer. [18, 20, 21, 22] There are various methods for evaluating adhesion of a dental material to dentin including tensile and shear (planner interface and push-out) test. It has been suggested that push-out test may provide a better evaluation results than the conventional shear test because in push-out test, fracture occurs parallel to the dentine-bonding interface, which makes it a true shear test for parallel-sided samples. [23] 
MATERIALS AND METHODS

Selection and preparation of teeth:
Sixty, recently extracted, sound maxillary anterior teeth with completely formed apices and straight roots were selected to be used in this study from the surgery clinic October 6 University. The teeth were scaled and cleaned of debris and periodontal remnants. All samples were stored in distilled water at 37˚C until used.
Each tooth was decoronated to provide approximately 16 mm± 1 of root with high speed diamond disc under water coolant system. Root canals with initial apical file size #20 were selected to approximately standardize the canal diameter.
The working length of each sample was detected, then the samples were divided into two groups 30 root each according to the irrigation regimen through instrumentation:
Group A: root canal preparation was performed using the Protaper Next system (Dentsply Sirona) 1 mm shorter from the apical foramen up to size X4 (size# 40/06). During instrumentation the root canals were irrigated using Nano-Silver irrigant 0.02mol/L = 2000ppm.
Group B: root canal preparation was performed using the Protaper Next system (Dentsply Sirona) 1 mm shorter from the apical foramen up to size X4 (size# 40/06). During instrumentation the root canals were irrigated using Sodium Hypochlorite (NaOCl) irrigant 5.25%.
Irrigation for the two tested groups was performed using 30 gauge side vent needle. Finally 5 ml of distilled water was used as a final flush for all groups after the final irrigating solutions and 5 mL of EDTA was used per canal to remove the smear layer. All root canals were finally dried using size#40 paper points [24] Root canals of each group were then filled using AH Plus sealer and master points #40/06 according to the manufacturer's instructions in lateral condensation technique.
Push-out bond strength test
Teeth were embedded in chemical cured acrylic resin and then cross-sectioned using IsoMet 4000 microsaw Buehler USA mounting diamond disk 0.6 mm thickness at speed 2500 rpm and feeding rate 10 mm/min under water cooling. 2mm thick slices of apical, middle and coronal root portion were prepared for assessment of push out bond strength. All samples were photographed and examined using stereomicroscope (Nikon MA100 Japan) to confirm absence of dentin cracks or voids of the filling materials.
The tested material was then loaded with a stainless steel plunger of a 0.9 mm diameter. The plunger was mounted on the upper part of a universal The area under load was calculated by:
The push-out value in MPa was calculated from force (N) divided by area in mm2.
RESULTS
Statistical analysis
Data are expressed as mean ± SD. Comparison between values of different parameters in two studied groups were performed using Kruskal Wallis ANOVA test followed by Mann-Whitney U test if significant results were recorded. Comparison between different variables in the two studied groups was performed using Mann-Whitney U test. Statistical Package for Social Sciences (SPSS) computer program (version 19 windows) was used for data analysis. P value ≤ 0.05 was considered significant.
AH plus sealer showed a lower value of push out bond strength ( 1.223± 0.533) in the group irrigated using nano silver than the second group irrigated with sodium hypochlorite (2.321±0.650) at the coronal third with statistically significant difference (P= 0.004), also at the middle third it showed a lower value (1.732 ± 0.899) than the sodium hypochlorite but with no statistically significant difference, and finally at the apical third it also a lower value of push out bond strength (2.103±1.319) than the other group irrigated with NaOCl (5.045±1.397) with statistically significant difference (0.001) AH plus sealer showed higher push out bond within the group treated with the nano silver irrigant at the apical third (2.103±1.319) than the middle third (1.732±0.899) which also showed higher push out bond strength (1.223±0.533) than that at the coronal third but there was no statistically significant difference between them.
Also the value of the push out bond strength of the AH Plus sealer in the group treated with the NaOcl at the apical one third (5.045±1.397) was higher than that in the middle third (1.785±0.906) with statistically significant difference where the value in the middle third was less than that in the coronal third (2.321±0.650) with no statistically significant difference between them, the apical third showed higher value of push out bond strength than the coronal third with statistically significant difference. 
DISCUSSION
Several investigations reported the high quality properties of epoxy resin-based sealers, including very low shrinkage while setting, long-term dimensional stability, excellent flow property, deeper penetration into the dentinal tubules and surface micro-irregularities which all lead to strong bond to dentin. [25, 26] Epoxy resin-based AH Plus sealer has been extensively used with gutta percha because of its potential for better wettability of dentin and gutta percha, reduced solubility, very low shrinkage while setting, sealability, bonding and micro retention to the root dentin and adequate biological performance. Bonding of AH Plus sealer to dentin could be explained by the formation of a covalent bond by an open epoxide ring of AH Plus to any exposed amino groups in dentin collagen. [27, 28, 29] According to Dogan H et al., adhesion of resin based sealer materials to the dentinal surfaces is affected by different irrigation regimens due to change in permeability and solubility characteristics of dentin caused by the usage of irrigants. [30] Sodium hypochlorite (NaOCl) is the most commonly used root canal irrigant because of its antibacterial effect and its ability to dissolve the organic debris and remaining pulp tissues. [6, 7, 8] NaOCl can dissolve the organics components mainly collagens, which is helpful for the removal of smear layers and can expose the dentinal tubules, thus producing a clean dentin surface and improving the penetration of resin into the dentin structure facilitating the mechanical bonding. [31, 32] This might be the explanation of higher values of pushout bond strength results for the specimen groups irrigated with NaOCl compared to Nano-silver irrigant in all regions coronal, middle and apical thirds According to Zhang et al, NaOCl solution has low molecular weight and can penetrate the apatiteencapsulated collagen matrix, removing the organic phase of the mineralized dentin. [33, 34] Another study concluded that there was no effect of NaOCl on bond strength. Morris et al. [35] found that the use of NaOCl led to reduction in the bond strength between resin and dentin. It is thought that NaOCl forms free radical layer due to oxidation of some of the dentin components these free radicals inhibits polymerization of adhesives lowering the bond strength. [36, 37, 38] In another study, results showed that NaOCl and Ca(OCl)2 solutions, when used alone, were unable to remove the smear layer. Previous investigations had already shown this performance for NaOCl showing that this solution is not able to act on the hydroxyapatite that obliterates the dentinal tubules after root canal instrumentation. This happened only in the group in which NaOCl was used without EDTA, the results were significantly different from those observed in groups irrigated with NaOCl before the use of EDTA. [34, 39, 40] EDTA is widely used as a chelating agent and is able to react with calcium ions in hydroxyapatite crystals, removing calcium ion from the dentin. However, when NaOCl is associated with EDTA, alteration of the organic and inorganic dentin components and erosion are observed. [34, 41, 42, 43] Another explanation for the higher values of bond strength of NaOCl may be attributed to its low surface tension which facilitate better wettability to the dentin surface. The surface tension is a physical property caused by the cohesive force between similar molecules and is responsible for the phenomenon of capillarity and droplet formation. [44] According to the findings of Leonardo et al, Ca(OCl) 2 solution has higher surface tension when compared to NaOCl at the same concentration. Therefore, the fact that Ca(OCl) 2 has a higher surface tension can cause less penetration into dentin, impairing the smear layer removal at the root canal apical third. [34, 44] Kutty S N et al declared that there are three types of reactions that take place due to the interaction of NaOCl with organic matter. These reactions take place mostly at the surface.1-Saponification reaction: NaOCl has several functions it dissolves fat and organic tissues, thus converting fatty acids into fatty acid salts (soap) and glycerol (alcohol), and reduces surface tension of the remaining solution. 2-Amino acid neutralization reaction: NaOCl reacts with amino acids to form salt and water, with a reduction of pH and exit of hydroxyl ions. Chloramination reaction: Hypochlorous acid (HOCl) present in NaOCl solution is an organic tissue solvent. It releases chlorine, which form chloramines on reaction with amino group of proteins. Hypochlorous acid and hypochlorite ions (OCl-) cause amino acid degradation and hydrolysis. [45] The dentin bond strength improvement that was observed after NaOCl irrigation has been attributed to its deproteinizing action. NaOCl dissolve dentinal collagen exposing fresh mineralized dentin surface that allows a direct bonding between resin and dentin. This came in agreement with Prati et al., who observed an unusual mechanism of micromechanical retention of resin into dentin that called "reverse hybrid layer formation". [46] In order to form a conventional hybrid layer it is required to remove the smear layer by the aid of acid etching as well as mineralized dentin to expose collagen fibrils. The adhesive resin will infiltrates around the exposed collagen fibrils and replace lost mineral phase. NaOCl irrigation after acid etching will remove the exposed collagen and dissolve fibrils of underlying mineralized matrix creating submicron porosities within the mineral phase. Therefore resin will infiltrate these submicron porosities, forming a layer of resin-infiltrated mineralized matrix. [46] Furthermore, the removal of exposed collagen does not only reduce the bonding technique sensitivity but also produce a more porous surface, an increase in size of dentinal tubules with the presence of an extensive labyrinth of lateral tubules that open on intertubular and/or peritubular dentin and larger resin tags that would produce interfaces with high bond strength. The use of NaOCl also produced an acid-base resistant zone under the hybrid layer this zone could help in resisting secondary caries around restorations [46] [47] [48] .
Silver nanoparticles irrigant showed lower values in push out bond strength test than NaOCl in all specimens which may be attributed to their effect in occluding the dentinal tubules by the AgNP. This may be in agreement with Fan et al in their study at 2014 in which they used silver mesoporous Ca-Si nanoparticles which possess both the merits of mesoporosity and the capability to release Ca and silicic acid ions as antibacterial reagents. They found out from the images acquired by FE-SEM that the use of Ca(OH) 2 suspension led to clean dentinal tubule orifices on the canal wall. After passive ultrasonic treatment with Ag-MCSNs suspension, they found numerous nanoparticles aggregated around the tubular orifice and infiltrated the dentinal tubules even after canal rinsing. [49] Earl et al at 2009 used Nano-sized particles of hydroxyapatite, produced by a hydrothermal synthesis technique for trials of dentinal tubule infiltration in etched sections of clinically extracted human molars. They found that, up to 90% of the tubules were being fully or partially occluded. Information on the depth of infiltration was obtained from sections of dentine prepared using focused ion beam milling (FIB-SEM). [50] The middle and apical thirds of the root canals were analyzed because they are the most critical thirds to be reached and cleaned during root canal treatment, as compared to the cervical third [34, 51] .
The apical third results showed the higher bond strength values in comparison to the middle and coronal thirds. This may be attributed to that, this area is difficult to be reached with irrigants minimizing the adverse effect of NaOCl on resin sealers and the obliterating effect of dentinal tubules by silver nanoparticles. [34] 
CONCLUSION
Within the limitation of this study, it is recommended when using an antimicrobial irrigants NaOCl is preferred than silver nanoparticles irrigant concerning their effect on bond strength between the sealer and dentin.
